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© Use of potassium channel activators to Inhibit myocardial cell necrosis and to maintain the 
functioning of the heart during myocardial ischemia and/or reperfusion. 



© A method is provided for inhibiting myocardial cell necrosis and improving myocardial function during 
myocardial ischemia and/or reperfusion by administering a potent potassium channel activator such as pinacidil 
or cromakalim. _ _ . 
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METHOD FOR INHIBITING MYOCARDIAL CELL NECROSIS AND PRESERVING HEART FUNCTION DURING 

MYOCARDIAL ISCHEMIA AND/OR REPERFUSION 

The present invention relates to a method for inhibiting myocardial cell necrosis and improving 
myocardial function in mammalian species during myocardial ischemia and/or reperfus.on by adm.n.stenng 
a potent potassium channel activator to enhance the recovery of heart function. 

Blood flow reductions in the heart can result in dysfunction of th.s organ and cell death .f the flow 
s reduction is severe enough. Restoration of coronary blood flow early during a heart ^ * *^ n ° a 
clinical reality with the advent and improvements in thrombolytic, mecharucal, and surg.cal mtervent.ons 
While early restoration of blood flow, for example, by thrombolysis or following transient ischemia, can 
prevent or mitigate the degree of cell death (infarction) occurring, reperfusion can still result in some degree 
of cardiac dysfunction or cell death (also referred to as stunned myocardia). Thus, it would be of great 
clinical value to find a means to preserve reperfusion function or cell viability of the heart. 

Recently, a new class of compounds has been described and labeled potassium channel activators 
(PCA) Cook N S "The pharmacology of potassium channels and their therapeutic potential. TIPS 9:21 , 
1988 Cook indicates "that the cellular site of action of a number of drugs used therapeutically seems to 
involve the modulation of membrane K* channels" and that "opening of K channels by a new class of 
drugs appears to underlie their relaxation of a variety of smooth muscles" because of their ability to 
hyperpolarize and thus relax these cells. 

Examples of such PCA drugs or compounds include (+)-2-cyano-1-(4-pyridyl)-3-(1.2^-tnmethylpropyl)- 
guanidine (hereinafter referred to as pinacidil) and ( £ )-6-cyano-3.4-dihydro-2,2-dimethyl-trans-4-(2-oxo-1- 
Dvrrolidyl)-2H-benzo[b]-pyran-3-ol (hereinafter referred to as cromakaiim or BRL 34915). 

Other examples of compounds which are potassium channel activators but which have substant.ally 
weaker PCA activity include N-(2-hydroxyethyl)nicotinamide nitrate ester (hereinafter referred to as n'coran- 
dil) and 6-amino-1.2-dihydro-1-hydroxy-2-imino-4-piperidinopyrimidine (hereinafter referred to a minoxidil). 
The above PCA compounds have been found to reduce blood pressure and thus may be useful as 

antihypertensive agents. ^ „ 

Imai N et al. "Comparative effects of nitroprusside and pinacidil on myocardial blood flow and infarct 
size in awake dogs with acute myocardial infarction." Circulation 77:705. 1988. discloses that pinacidil a 
coronary vasodilator, has no effect on either blood flow to ischemic myocardium or infarct size. Gross. G. J.. 
et al "Comparative Effects of Nicorandil. Nitroglycerin. Nicotinic Acid and SG-86 on the Metabolic Status 
and Functional Recovery of the Ischemic-Reperfused Myocardium. J. Cardiovascular Pharmacology, 10 
(Suppl 8) S76-S84 (1987). disclose that "nicorandil and nicotinic acid infusion pnor to and dunng a 15-mm 
coronary occlusion resulted in a significantly improved recovery of myocardial segment function (%SS. 
dL/dt) during a 3-h reperfusion period.... However, blood flow was more homogeneously distnbuted between 
ischemic and nonischemic regions following nicorandil treatment during reperfusion...." (page S83). It is 
believed that nicorandifs improvement of post-ischemic function is probably due to its nitrate-like action (for 
instance like nitroglycerin) and not due to its weak potency as a potassium channel activator (Taira, N.. 
"Similarity and Dissimilarity in the Mode and Mechanism of Action between Nicorandil and Classical 
Nitrates: An Overview". J. Cardiovascular Pharmacology. 10 (Suppl. 8):S1-S9 (1987). 

In accordance with the present invention, a method is provided for inhibiting myocardial cell necrosis 
and improving myocardial function in mammalian species during myocardial ischemia and/or reperfusion to 
improve heart function, wherein a therapeutically effective amount of a potent potassium channel activator is 
systemically administered, such as orally or parenteral^, or by catheter, prior to. during or after reperfusion 
The term "reperfusion" is employed herein to refer to release of occlusion and resumption of blood 

f ' 0W |t has been found that the potent potassium channel activator improves performance of the heart during 
and after myocardial ischemia when administered during both the coronary occlusion period and the 
reperfusion period or only during the reperfusion period. Such improvement in performance of the heart is 
evidenced by decreased contractile dysfunction and decrease in tissue necrosis (as measured by lactate 

dehydrogenase release). . ...... 

Potassium channel activators which ar suitable for use herein are those which exhibit potent inhibition 
of spontaneous mechanical activity in rat portal vein as described hereinafter, that is. an ICso (50% of the 
maximum inhibition) of I ss than 2 uM. Examples of such potassium channel activators suitabl for use 
herein include cromakaiim which has an IC 50 of about 0.12 uM and pinacidil which as an IC so of about 

0.15 uM. . . 

In carrying out the. method of the pr sent invention, the potassium channel activator may be adm.n- 
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istered to mammalian species, such as monkeys, dogs, cats, rats, humans, etc. during the period of 
coronary occlusion and/or during the period of reperfusion and/or shortly after termination of the ischemic 
attack, for exampl within 1 to 2 hours aft r the ischemia. 

Although the potassium channel activator may be administered systemically, such as orally or 
5 parenteraliy, it is preferred that the potassium channel activator be administered locally to the coronary 
arteries by catheter such as by arterial angiography or intracoronary injection. 

With regard to dosage of potassium channel activator, where the drug is administered by arterial 
angeography or intracoronary injection, from about 0.001 to about 30 mg/kg/treatment and preferably from 
about 0.5 to about 25 mg/kg/treatment will be employed. The number of treatments will depend upon the 
io length of the ischemic attack and the progress of reperfusion to achieve normal heart function. Usually, from 
1 to 5 treatments per day will be required for as long as contractile dysfunction continues. 

Where the potassium channel activator is to be administered by angiography or intracoronary injection, 
it will be formulated in a conventional vehicle, such as distilled water, saline, Ringer's solution, or other 
conventional carriers. 

75 The potassium channel activator may also be incorporated in a conventional dosage form, such as a 
tablet, capsule, elixir or injectable. The above dosage forms will also include the necessary carrier material, 
excipient, lubricant buffer, antibacterial, bulking agent (such as mannitol), anti-oxidants (ascorbic acid of 
sodium bisulfite) or the like. Oral dosage forms are preferred, although parenteral forms are quite 
satisfactory as well. 

20 With regard to such systemic formulations, single or divided doses of from about 5 to about 2500 mg, 
preferably from about 10 to 2000 mg/one to four times daily, may be administered in systemic dosage 
forms as described above for a period sufficient to restore normal heart function. 

Figure 1 is a graph of the cumulative concentration response curves for inhibition of spontaneous 
force development in rat portal veins; 
25 Figure 2 is a graph of cumulative concentration response curves for affecting the frequency of 

spontaneous contractions; 

Figure 3 are graphs of end diastolic pressure (EDP), reperfusion function and lactate dehydrogenase 
(LDH) release for each of vehicle, nicorandil and pinacidil; and 

Figure 4 are graphs of lactate dehydrogenase (LDH) release and reperfusion function for each of 
30 vehicle and cromakalim (BRL 34915) at concentrations of 1 uM and 7 uM. 

Example A 

35 

Design of In Vitro Screen for identification of "Potent" Potassium Channel Activators Suitable for Use Herein 



40 

Methods 



Solutions: 

45 

A bicarbonate buffered physiological salt solution (PSS) was used containing, in mM: 118.4 NaCI, 4.7 
KCI, 1.2 KH 2 PO* 1.2 MgSO*. 2.5 CaCl 2) 25.0 NaHCOa and 11.7 glucose. PSS with varying concentrations 
of KCI was prepared by addition of appropriate amounts of KCI from a 4M KCI stock. Calcium free PSS was 
prepared by deletion of CaCI 2 and addition of 1.0 mM [ethylenebis(oxyethylenitrilo)]tetraacetic acid (EGTA). 
so All solutions were aerated with 95% 0 2 -5% C0 2 such that the pH was 7.4. Experiments were conducted at 
37* C. 

Stock solutions of test compounds were prepared daily. The compounds were dissolved in water or 
DMSO as appropriate. 

55 

Tissue Preparation: 

Normotensive male Wistar Kyoto rats approximately 14 weeks old were sacrificed using C0 2 . The 

3 
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wt^s attached to tissue holders. An intact segment of portal vein extending approximately 2 cm from the 
^ver hUus was mouSS longitudinally on tissue holders. The tissues were suspended m .ndMdual 20 ml 
£g^^ to a micrometer for control of tissue length and a Grass FT.03 force 

tr^sducer. Mechanical responses were recorded on Grass Model 7D polygraphs. 
The following compounds were tested. 
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Table I. 



Primary mechanisms of action of vasodilators. 


Mechanism of 
Action 


Compounds Tested 


Potassium 

channel 

activation 

Guanylate 

cyclase 

activator 


Chromakalim (BRL 34915), pinacidil. nicorandil, minoxidil, mtnox.dii sulfate, SQ 32,844 
(trans) ^amino-3,4<iihyd 

Na nitroprusside, nicorandil. 8-Br cyclic GMP 
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Experimental Protocol: 



The rat portal vein segments were gradually stretched over a 1 to 2 hour equ.l.bration penod to a 
preload of 0.5 g. When the frequency and height of the spontaneous twitches had stab.i.zed. Propranolol (1 
S) was added and cumulative concentration response curves were obtained for the test compounds A 
steady state reduction of the twitch height and frequency was reached before the next concentration was 



45 



added. 



Evaluation of Results: 



Force development by the portal vein segments was determined at the peak of the ^ h Jhe effect o 
each compound on force was calculated relative to the force in its absence. IC 50 values were determ.ned at 
*fconcertraSon where SO'/- of the maximal inhibition force was attained. In addition, the relative frequency 
d ^h^wt determined by counting the number of twitches in a 5 minute period foi.ow.ng drug additon 
and determining the change in rate from basal (absence of test compund). Results were then calculated as 
% inhibition of twitch frequency. Data are report as mean £ SEM. 



Results: 



so Responses in rat portal vein: 

The potassium channl activators inhibited the spontaneous mechanical response in rat £0**1 veir i in a 
concentration dependent manner (Table I and Figure 1). The spontaneous mechantcal acfcvrty in the portel 
vein was slightly more s nsitive to cromakalim and pinacidil than were the phenylephnne colons .n *e 
55 aorta. The portal vein was less sensitive to nicorandil and sodium nitropruss.de. Add.t.onan y sodaim 
nitroprusside did not completely inhibit th twitch height even at r^ncentratons up to ^ «iM. The 
sensitivity of response to 8-bromo cyclic GMP and minoxidil and the cromakalin metabolite SQ 32,844 was 
similar in the two tissues. 
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Table II. 



Inhibition of spontaneous 


mechanical activity in rat portal 


vein by various vasodilators. 


Compound 


ICso (uM) a 


Cromakalim 


0.12 


Pinacidil 


0.15 


Nicorandil 


5.1 


Minoxidil 


150 


SQ 32.844 


38 


Sodium nitroprusside 


0.042 b 


8-Bromo cyclic GMP 


43 



a Mean ± SEM of four cumulative concentration response curves 
for all agonists except cromakalim and pinacidil (N =5). 
b ICso taken at 50% of the maximum inhibition attained. 



The test compounds, with the exception of sodium nitroprusside. reduced the frequency of twitches in a 
concentration dependent manner at approximately the same concentrations needed to reduce twitch height 
Sodium nitroprusside increased twitch frequency with increasing concentration. 

The spontaneous mechanical activity of the portal vein is thought to result from opening of voltage 
dependent calcium channels in response to depolarization associated with pacemakers. Thus, th portal 
vein provides a good model to investigate the influence of the hyperpolarization by the potassium chann I 
activators on the voltage dependent channels. The inhibitory effects of the potassium channel activators 
involves a dose dependent reduction in twitch height with a concomitant reduction in twitch frequency. The 
decrease in force may be due to the hyperpolarizing influence of the potassium channel activators 
counteracting the depolarizing effect of the pacemakers, thereby leading to an effective blockad of the 
voltage dependent calcium channels. The hyperpolarization could also increase the time needed for the 
smooth muscle membranes to reach threshold, thus reducing the twitch frequency. Cromakalim. pinacidil, 
minoxidil, and SQ 32,844 exhibited similar potencies in the aorta and portal vein. The reduced potency of 
nicorandil, a potassium channel activator with nitrate properties, and sodium nitroprusside may indicate that 
guanylate cyclase plays a lesser role in relaxation of the portal vein than the aorta. Interestingly, sodium 
nitroprusside actually caused an increase in twitch frequency with the reduction in twitch height. 8-Bromo 
cyclic GMP. which bypasses the activation of guanylate cyclase, exhibited similar potency in the two blood 
vessels and reduced twitch frequency and height. 

Conclusion : The inhibition of twitch height is an index of the potassium channel activating activity of the 
compounds tested. 

Figure 1 shows cumulative concentration response curves for inhibition of spontaneous force develop- 
ment in rat portal veins. Cromakalin (•) and pinacidil (■) were essentially equipotent followed by nicorandil 
(a). 8-bromo cyclic GMP (n) t SQ 32.844 (O), and minoxidil (♦). Sodium nitroprusside (0) was incapable of 
inhibiting force development by more than 60% even at concentrations of 100 uM. Figure 2 shows 
cumulative concentration response curves for affecting the frequency of the spontaneous contractions. 
Symbols are the same as for Figure 1 . With the exception of sodium nitroprusside. all the compounds 
decreased the frequency of the contractions in a concentration related fashion. Data are plotted as mean ± 
SEM of 4 veins from individual rats. 

For purposes of the present invention, potent potassium channel activators which may be employed in 
the method of the invention include cromakalim and pinacidil which have an ICso of less than 2uM in the 
inhibition of spontaneous mechanical activity in rat portal vein and exclude nicorandil and minoxidil which 
have an ICso of 5.1 u-M and 150 iiM, respectively. 

The following working Exampl s repres nt preferred embodiments of the present invention. 
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An injectable solution for use in administering pinacidil by intracoronary injection, by arterial angiog- 
raphy or intravenously is produced as follows: 



Pinacidil 


50 mg 


Methyl paraben 


5 mg 


Propyl paraben 


1 mg 


Sodium chloride 


25 g 


Water for injection qs. 


51. 



The pinacidil preservatives and sodium chloride are dissolved in 3 liters of water for ■nject.on and I then 
the vTlumets b ought up to 5 liters. The solution is filtered through a sterile filter and asept.ca.ly filed mto 
pres^eSd vials which are then closed with presteri.ized rubber closures. Each v.al contams a concentra- 
tion of 75 ma of active ingredient per 150 ml of solution. 

The aSe injectable is suitable for use in inhibiting myocardial necrosis and .mprovng heart function 
durinTco^ occTusion and when administered during coronary occlusion and/or the reperfus.cn penod. 
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Example 2 

An injectable for use in inhibiting myocardial cell necrosis and improving myocardial function during 
l^r^rSeS^ is prepLd'as described in Example 1 except that the potasswrn channel 
activator employed is cromakaiim. 



Example 3 



30 



A pinacidil formulation for use in inhibiting myocardial cell necrosis and improvng myocard.al function 
during myocardial ischemia and reperfusion suitable for oral administration is set out below. 

1 000 tablets each containing 50 mg of pinacidil were produced from the followmg .ngred.ents. 



35 


Pinacidil 


50 g 




Corn starch 


50 g 




Gelatin 


7.5 g 




Avicel (microcrystalline cellulose) 


25 g 


40 


Magnesium stearate 


2.5 g 



45 



The Dinacidil and com starch are admixed with an aqueous solution of the gelatin. The mixture is dried 
and^ound" a finder. The Avicel and then the magnesium stearate are admixed 
This is then compressed in a tablet to form 1000 tablets each contaimng 50 mg of active .ngredlent. 



Example 4 
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A tablet formulation for use in inhibiting myocardial cell necrosis and improving myocardial function 
ischemia „d reperfusion is prepared as described in Example 3 except that cromakahm 
is employed in place of pinacidil. 

Example 5 
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The following experiment was conducted to determin the effect of pinacidil, cromakalim and nicorandil 
on myocardial cell necrosis and h art function during myocardial ischemia and reperfusion. 

Method 



For the determination of the effect of the potassium channel activators pinacidil and BRL 34915 
(cromakalim) on post-ischemic necrosis and function, isolated, buffer perfused rat hearts were used. Male 

10 Sprague-Dawely rats (450-550 g) were used for all experiments. The rats were anesthetized using 30 mg/kg 
sodium pentobarbital (i.p.) They were intubated and then treated with i.v. heparin (1000 U/kg). While being 
mechanically ventilated, their hearts were perfused in situ via retrogade cannulation of the aorta. Th hearts 
were then excised and quickly moved to a Langendorff apparatus where they were perfused with Krebs- 
Henseleit (1.25 mM CaCI 2 ) buffer at a constant pressure (80 mmHg). A saline-filled latex balloon attached to 

75 a metai cannula was then inserted into the left ventricle and connected to a Statham pressure transducer for 
measurement of left ventricular systolic and developed (LVDP) pressure. The hearts were allowed to 
equilibrate for 15 minutes at which time end diastolic pressure (EDP) was adjusted to 5 mm Hg and this 
was maintained for 5 minutes. Pre-ischemia, pre-drug function (HRXLVDP/1000), heart rate, and coronary 
blood flow (extracorporeal electromagnetic flow probe, Carolina Medical Electronics, King, N.C.) were then 

20 determined. 

Once the baseline measurements were made, the hearts were divided into 4 groups (n=4-6 each): .1. 
Hearts receiving vehicle. 2. Hearts receiving 1, 10 or 100 uM pinacidil. 3. Hearts receiving 1 or 7 uM BRL 
34915. 4. Hearts receiving 1, 10 or 100 uM nicroandil. Each heart received its respective treatment in the 
perfusion buffer for 10 minutes at which time functional and flow parameters were again measured. All 

25 hearts were then made globally ischemic by shutting off the perfusate for 25 minutes. Reperfusion was then 
instituted with the normal nondrug treated buffer. Reperfusion was maintained for 30 minutes at which time 
flow and functional parameters were again measured. Lactate dehydrogenase (LDH) release into the 
reperfusion effluent was measured and this is a measure of myocardial cell death or necrosis. The severity 
of ischemia was determined by the return of function during reperfusion, mitigation of contractur (low r 

30 end diastolic pressure) and LDH release. 



Results 

35 

All of the compounds used have been shown to be potassium channel activators and have a ranked 
order of potency as follows: BRL 34915 > pinacidil > nicorandil. This is shown on Figures 1 and 2 where 
spontaneously contracting guinea pig portal veins are relaxed by the various potassium activators of 
interest The inhibition of twitch height is an index of the potassium channel activating activity of th se 
40 compounds. 

At 1 and 100 uM concentration, pinacidil did not show any marked anti-ischemic activity and at the 100 
uM dose, a tendency for toxic effects (before ischemia reduction in function) appeared. At the 10 uM 
concentration, pinacidil significantly improved post-ischemic cardiac function and reduced reperfusion end 
diastolic pressure (EDP) (contracture). These data are shown on Figure 3. At the doses used, pinacidil did 

45 not significantly reduce necrosis as measured by lactate dehydrogenase (LDH) release, however, it showed 
a tendency to do so. Nicroandil was not showed to be effective at any dose used and the data for 10 uM 
nicorandil are shown on Figure 3. On Figure 4, similar data are shown for 7 uM cromakalim (BRL 34915). In 
this case, myocardial function was improved during reperfusion and LDH release and thus necrosis were 
reduced. Thus, the potent potassium channel activators pinacidil and cromakalim can reduce the severity of 

so ischemia and improve post-ischemic recovery of function. This is important in patients undergoing coronary 
artery bypass and graft procedures as well as other methods of coronary recanalization. This is also 
important in patients undergoing episodes of transient ischemia as in many types of angina pectoris. 



55 Claims 

1. A potent potassium channel activator for use in reducing or eliminating myocardial cell necrosis, 
ischemia injury and/or reperfusion injury in mammalian species. 

7 
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2 The potent potassium channel activate, as defined in claim 1 tor use b y arterial angiography or by 

°'TZ1.S' potassium channel «*«or according to cam 1 for use by adminiatraSon during 
CC TX^^'J^X ^^ » *m • - use by administration only during 
T?£ potent potassium channel activator acceding to claim 1 which exh«s potent inhibition of 
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FIG. 2 



Nicorandl 




AGONIST CONCENTRATION (log M) 
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FIG. 4 
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© Use of potassium channel activators to inhibit myocardial cell necrosis and to maintain the 
functioning of the heart during myocardial ischemia and/or reperfusion. 



© A method is provided for inhibiting myocardial 
cell necrosis and improving myocardial function dur- 
ing myocardial ischemia and/or reperfusion by ad- 
ministering a potent potassium channel activator 
such as pinacidil or cromakalim. 
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LACK OF UNITY OF INVENTION 



The Sea,cn Oi~.cn confers inaitne pre sent European paten, app-.cauon coe, not como* «..„ ma requ.remen, o< un.ty o, 

tnvent.cn and relates to s everal invention* cr groups o( invtmt.ons. 

namely: 



Claims 1-6 (completely), 7 (partially) : The use 
of a potent potassium channel activator in general 
and pinacidil in particular for the manufacture of 
a medicament for the therapeutic application. 

Claim 7 (partially) •- The use of cromakalim 
for the manufacture of a medicament for the thera- 
peutic application. 
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Claims searched completely 1,2,6,7. 

Claims 1,2,6,7 have been searched as though the claims had 
been drafted in the correct form: Use of the compound for 
the manufacture of a medicament for the therapeutic 
application (See Official Journal EPO 3/1985, pages 64-70). 

The expression "potent potassium channel activator" does 
not make completely clear which chemical substance is ment 
(Art. 84 EPC) . 

Pinacidil and Cromakalim have been searched. 
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